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Creation and Characterization of Entangled Photons 
via Second Harmonic Generation of Infrared Diodes
Abstract
A novel way of creating entangled 
photons is being investigated.  Infrared light is 
doubled using a KNbO3 crystal and then 
downconverted using a type-II BBO crystal.   
This process is cheaper than other known 
methods and will make studying entangled 
photons possible at an undergraduate 
institution
Introduction:
In 1935, Erwin Schrödinger theorized the 
possibility of entangled states. Simply put, two 
objects whose basic features are so reliant on the 
others that it is impossible to measure one without 
affecting the other. Consider two separate 
subsystems that are spatially separated
where  is the density matrix and          and     
are two orthogonal vectors for subsystems one and 
two.  If the function            does not factor into two 
separate functions multiplied together then the state 
does not factor into separate states for each 
subsystem.1,2
The newest and most widely used method for 
creating entangled photons is through spontaneous 
second parametric downconversion (SPDC).  A 
high energy photon is passed through a nonlinear 
optical crystal. The incident photon is annihilated 
and two photons whose sum of energy and 
momentum equal the initial photon are created. 
These photons will share quantum information and 
thus be classified as entangled.1
In order to generate photons of high enough energy 
to undergo SPDC a powerful laser is usually 
employed. The most common types include Argon 
ion gain mediums or other rare gases to stimulate 
coherent light.  With this set-up an apparatus to 
create and characterize entangled photons can cost 
anywhere from $500,000 to $1,500,000 USD.  
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Figure 1: Creation of entangled photons via SPDC
Experimental
A JDS SDL 5400 series diode emits light at a wavelength 
of 856 nm.  The light is collimated and the beam width focuses 
to increase power.  Photons then enter the bow-tie ring cavity in 
order to generate power.  Bow-tie cavities have been shown to 
increase power 25-fold in the literature.3 The beam passes 
through a KNbO3 frequency doubling crystal. Second harmonic 
generation requires precise incident wavelength and crystal 
temperature and orientation.5 The generated photons  provides 
the high energy photons required for SPDC.
Figure 2: Schematics of apparatus for second harmonic generation of infrared photons
Upcoming Stages
The next phase involves creating a feedback loop in order to 
maximize conversion of red light to blue.  The proposed method 
involves a grating setup reflecting first order light back into the 
cavity.  After that is completed the SPDC can take place using an 
angle tuned  2 mm type-II Beta Barium Borate (BBO) crystal.  
Detection of entangled photons will be done with InGaAs 
Avalanche Photodiodes. A series of experiments are planned 
involving interference of entangled photons as well as altering 
polarizations of photons with a photoelastic modulator.
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Cheaper semiconductor lasers can generate blue light for 
$6,000 but the technology is still new and they require 
modifications to emit only a single wavelength.3 However, this 
technology has been shown reliable for lower energy photons.4
